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Primary Source of Disability in
Warriors

Abstract

The Army Physical Evaluation Board results for wounded warriors
from a previously described cohort were reviewed to identify
permanently disabling conditions and whether the conditions were
preexisting or caused by battlefield injury. Arthritis was the most
common unfitting condition in this cohort, with 94.4% of cases
attributed to combat injury and only 5.6% attributed to preexisting
conditions or documented in the health records prior to battle
injury. The most common causes of injury that resulted in arthritis
were intra-articular fractures secondary to explosions, traumatic
arthrotomies resulting from fragment projectiles, and gunshot
wounds. Arthritis was recognized as a disabling condition an
average of 19 ± 10 months after injury. Research is needed to
enhance prevention and management of joint injuries in order to
minimize the disabling effects of joint degeneration in this young
patient population.

Osteoarthritis (OA) consumes a
tremendous amount of medical

resources and causes considerable
disability. OA is the most common
cause of disability in adults, affecting
nearly 27 million people in the
United States and accounting for an
estimated $2,600 to $7,500 in out-
of-pocket expense per person per
year.1-3 In 2004, primary OA ac-
counted for 22.3% of the 50.3 mil-
lion non-injury ambulatory care vis-
its and 70% of nonfederal short stay
hospital admissions.2

In the United States, financial
losses resulting from disability and
cost of total joint arthroplasties total
at least $21 billion each year.4,5 Ac-
cording to the World Health Organi-
zation, OA has the fourth greatest
impact of all diseases on years of life

lost due to disability.6 The prevalence
of OA is highest in persons aged ≥65
years, and the burden of OA as a
global health concern is rising with
the increasingly aging population.2 In
2004 dollars, the cost of arthritis
rose from $184.3 billion in 1996 to
$281.5 billion in 2004.2

The causes of OA are seldom de-
lineated in reports of prevalence,
cost, and resource utilization. Many
studies report on heterogeneous pop-
ulations, which makes it difficult to
infer the impact of OA on a definite
patient population. Specifically, no
one has yet fully differentiated the
burden of degenerative OA in older
persons versus OA resulting from
traumatic injury, which is more com-
mon in younger persons.7 Thus, the
impact of OA on morbidity in terms
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of injury and days of work lost in
young and middle-aged populations
is likely to be underestimated.8

Brown et al9 estimated that 12% of
symptomatic OA is attributable to
posttraumatic osteoarthritis (PTOA)
of the hip, knee, or ankle, with an
aggregate financial burden of $3.06
billion annually, or 0.15% of the to-
tal direct healthcare costs in the
United States.

OA is the most common cause of
disability among service members
who are medically separated from
active duty.10 It affects a spectrum of
service members, from the young en-
listed person (the most commonly in-
jured demographic in combat) to the
older, senior ranking person with de-
generative OA following a career of
military service.11

The current Overseas Contingency
Operations—primarily in Iraq and
Afghanistan—have placed a large
number of young service members at
risk of traumatic injury.12 Military
healthcare providers are seeing
younger combat-wounded patients
with joint injuries, and it is impor-
tant to determine whether OA in
younger combat-wounded warriors
is caused by traumatic injury or is a
preexisting degenerative condition.

Methods

The study population, which consists
of 1,566 combat-injured warriors

who could not return to duty, has
been characterized elsewhere.11 A
previous study carefully reviewed the
results of the US Army Physical Eval-
uation Board (PEB) and available
medical documentation on 450
battlefield-wounded warriors10 (Fig-
ure 1). Each warrior was evaluated
by the PEB to determine which con-
ditions caused by combat injuries re-
sulted in permanent disability (Fig-
ure 2). In the 126 patients with OA
as an unfitting condition, the pa-
tients and conditions were fully char-
acterized using the PEB medical re-

cords. The records were carefully
reviewed to determine affected ana-
tomic region, cause of arthritis (ie,
battle injury, preexisting), and aver-
age disability rating. The anatomic
regions injured in the study popula-
tion were reviewed, and the rate of
OA following injury to the specific
regions was determined.

Results

Among those with OA as an unfit-
ting condition, injuries to the spine

Pie charts demonstrating that, of 450 patients who underwent a US Army
Physical Examination Board evaluation to determine fitness for duty or
retention in military service, 70% were found to have an unfitting condition
that involved at least one extremity. These soldiers are presumed to be
otherwise fit for duty.10 Psych = psychiatric condition

Figure 1
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and shoulder occurred most com-
monly (Figure 3). The rate of arthri-
tis by injured anatomic region varied
considerably. Injuries to the knee re-
sulted in OA in all cases, and the el-
bow and ankle joints became ar-
thritic following injury in >90% of

cases (Figure 4). In contrast, the hip
became arthritic following injury in
only 21% of cases.

Our study included 125 cases of
joint OA, 7 of which were the result
of predeployment conditions and
118 of which were the result of war-

related injury. Of the 20 cases of
spine OA, 5 were the result of prede-
ployment conditions and 15 were the
result of war-related injury. Thus,
traumatic injury was the cause of
94.4% of all cases of joint OA and
75% of cases of spine OA (Table 1).
Fractures and arthrotomies resulting
from explosive devices caused 75%
of these OA conditions. Average dis-
ability rating varied greatly. The foot
had the highest rating, and the knee
and spine had the lowest (26% and
11%, respectively) (Figure 5). Arthri-
tis was diagnosed, recognized as a
disabling condition, and documented
in the medical records at an average
of 19 ± 10 months after injury.

Discussion

PTOA is a common and disabling
condition in combat-wounded war-
riors. The prevalence of OA was
28% in our study population, com-
pared with 12% in the civilian
trauma population.9 In our patients,
PTOA was directly attributable to
combat injury in 92% of cases and
to a preexisting condition in 8%.
The permanent disability resulting
from combat-related traumatic ar-
thritis is substantial. The diagnosis of
arthritis is accelerated in this group,
with an average time of <2 years
from injury to determination of dis-
ability as a result of arthritis. PTOA
affects not only the appendicular
joints but is disabling following in-
jury to the spine, as well.

Reports in the civilian trauma liter-
ature confirm that intra-articular in-
juries often result in poor outcomes
and that tolerance to joint injury var-
ies by anatomic site. Acetabular frac-
ture is associated with fair to poor
postoperative outcomes in 24% to
43% of patients.13-15 Short-term stud-
ies indicate that the tibial plateau is
more tolerant of joint injury than is
the acetabulum; however, poor intra-

Of 1,566 combat-wounded warriors from a previously published cohort,
complete records with US Army Physical Evaluation Board (PEB) findings of
450 warriors were available for review and analysis.10

a Warriors with osteoarthritis as an unfitting condition (out of 450).

Figure 2

Graphic representation of the number of injuries per body part in our cohort.
Injuries to the spine and shoulder were the most common.

Figure 3
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articular reduction, joint instability,
meniscus pathology, and malalign-
ment can contribute to poor out-
comes in the knee.16-19 Furthermore,
fixation of the tibial plateau does not
prevent the need for early total joint
arthroplasty.20 Twelve percent to
36% of total knee replacements are
performed to address traumatic ar-
thritis.9,21 Fractures of the tibial pla-
fond result in a 74% rate of PTOA
and notably increased pain, de-
creased quality of life measures, and
decreased recreational activity func-
tion compared with noninjured
ankles.22-24 Intra-articular injury is
common in war wounds. In a large
series of combat-wounded subjects,
77.1% of limb injuries included an
intra-articular bony injury.25 Serious
fragment injuries affect not only the
articular surface of the joint but also
the surrounding soft-tissue and neu-
rovascular structures, thereby con-
tributing to a poorer outcome.25

In our cohort, injuries were most
commonly caused by explosion, re-
sulting in multiple injuries per casu-
alty with a high frequency of open
fractures and soft-tissue wounds.
These high-energy injuries cause all
of the reported predictors of poor
outcome following intra-articular in-
jury: primary high-energy insult to
the articular cartilage, comminuted
joint surface, articular bone loss,
soft-tissue damage that can lead to
instability, and open and contami-
nated wounds that are susceptible to
infectious complications.8

PTOA is anticipated to be a signifi-
cant burden on those directly af-
fected by it and on the healthcare
system. The current generation of
wounded warriors will require sig-
nificant expenditures for lifelong
care of this progressively degenera-
tive condition. Dominick et al26 re-
ported that US veterans experience a
higher frequency of OA, chronic
joint symptoms, and activity limita-
tions than do persons in the general

population. Reports of arthritis re-
quiring joint arthroplasty following
combat injury indicate good out-
comes at 2- to 3-year follow-up.27,28

However, the average age of these
wounded warriors is much lower
than that of the general arthroplasty
population with degenerative OA.28

Wounded warriors who require ar-
throplasty at a young age to manage

joint injury are likely to need revi-
sion procedures and to face more
years than their older counterparts of
joint-related symptoms, activity limi-
tations, and risks associated with re-
vision arthroplasty.

One weakness of this study is the
retrospective nature of the data col-
lection. We did not have access to
the subjects’ full medical records,

Graphic representation of the rate of occurrence of osteoarthritis (OA) by
injured anatomic region. Although the knee was the third most commonly
injured anatomic region in the cohort, injuries to the knee resulted in OA
100% of the time. In contrast, injuries to the spine, the most commonly
injured anatomic region, resulted in OA only 31% of the time.

Figure 4

Table 1

Mechanisms of Injury Attributed to All 145 Unfitting Conditionsa

Injuries

Mechanism Number Percentage

Fracture from explosion 92 63
Arthrotomy due to projectiles

resulting from an explosion
17 12

Soft-tissue injury from explosion 9 6
Gunshot wound 14 10
Fall 1 <1
Condition prior to deployment 12 8

TOTAL 145 100

a 145 unique injuries resulted in osteoarthritis in 126 individuals
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which may have provided greater de-
tail on the injuries, treatments, de-
gree of comminution at the joint sur-
faces, and the surgical methods and
results of management of intra-
articular injuries. Radiographs were
not available for assessment of com-
minution, articular step-off, or ra-
diographic evidence of arthritis.
Therefore, the definition of arthritis
for the purposes of this article likely
is not comparable to that of other in-
vestigations. However, the heteroge-
neity of diagnostic criteria has been
noted in previous studies of OA and
PTOA. Idiopathic OA is defined as
symptomatic limitation of the af-
fected joint with documented struc-
tural changes. PTOA is defined as
symptomatic limitation of joint func-
tion with structural changes in a pa-
tient with a documented history of
joint injury.9 However, debate exists
with regard to the minimum amount
of energy transfer required to qualify
as PTOA as well as with regard to
chronicity of symptoms, magnitude
of symptoms, and the temporal rela-
tionship between injury and presen-
tation of symptoms. For the pur-

poses of our study, PTOA was
defined as symptoms presenting in a
patient who sustained battlefield or
wartime injuries with symptoms sig-
nificant enough to limit his or her
military duties.

Summary

This study is the first to report that
PTOA is common in the battlefield-
injured population and that PTOA
can be directly related to combat in-
jury. War injuries about the joints
lead to arthritis following 60% of in-
juries, with the highest rate (100%)
following knee injury. Providers who
manage acute injuries in the military
population need to understand how
best to minimize the impact of high-
energy joint injuries in terms of fu-
ture risk of PTOA. Research that
leads to better management of joint
injuries is warranted to minimize the
disabling effects of joint degenera-
tion in this population. Areas of fo-
cus could include: (1) delineation of
the requisite trauma and the signal-
ing process that initiates chondrocyte

necrosis versus autophagy versus
apoptosis, (2) identification of non-
surgical methods to assess cartilage
injury (ie, noncontrast MRI, bio-
markers, nuclear medicine), (3) iden-
tification of clear patient-related
factors that contribute to the devel-
opment of OA (eg, sex, age, body
mass index, smoking), (4) identifica-
tion of clear injury-related factors
that contribute to the development
of OA (eg, mechanism of injury; ex-
tent of cartilage damage; injury to
meniscus, ligament, synovium, vas-
cular tissues; bone involvement), and
(5) identification of clear treatment-
related factors that contribute to the
development of OA (ie, possible ther-
apeutic and chondrotoxic effects of
intra-articularly applied medications,
timing of surgery for intra-articular
injuries, optimum rehabilitation
strategies for postoperative and non-
surgical management of articular in-
juries).
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